INTRODUCTION
============

Many authors have reported successful reconstruction using the free flap procedure.^[@B1]-[@B29]^ The frequency of vascular pedicle thrombosis after free tissue transfer for head and neck region is less than 5%.^[@B2]--[@B8]^ On the other hand, the success rate of lower leg reconstruction using flap is still low.^[@B1],[@B23]--[@B27]^ Plastic surgeons often perform free tissue transfer to the lower extremities and vascular anastomosis for patients with arterial sclerosis. To avoid vascular pedicle thrombosis, we administered anticoagulant therapy for patients who had arterial sclerosis and received lower extremity reconstruction using free flap.

Vascular thrombosis after free tissue transfer may lead to prolonged hospitalization or delays to starting postoperative rehabilitation. There is no guideline for postoperative therapy for patients who have had arterial sclerosis and received a free tissue transfer for a lower extremity. Heparin infusion is a well-known anticoagulant therapy and some authors reported the effectiveness of heparin infusion as an anticoagulant therapy after free tissue transfer.^[@B12],[@B13]--[@B17],[@B20]--[@B22]^

To prevent vascular pedicle compromise in patients whose recipient artery showed arterial sclerosis, we performed continuous and selective transarterial heparin infusion. We were able to prevent postoperative vascular pedicle thrombosis, even where patients showed arterial sclerosis in the lower leg. This report describes the details of our postoperative anticoagulant therapy for patients who had arterial sclerosis or malformation of the recipient artery. We also analyzed the relationship between amount of heparin and bleeding or thrombotic event at the surgical site.

MATERIALS AND METHODS
=====================

We retrospectively analyzed the patients' medical records. From April 2008 through December 2018, fifteen patients (10 men and 5 women; mean age=55.1 years; range=16--86 years) received lower leg reconstruction using free flap, with continuous and selective transarterial heparin infusion as a postoperative anticoagulant therapy ([Table 1](#T1){ref-type="table"}). All surgeries were performed under general anesthesia. After preparation or debridement of the recipient site, flap was harvested and then fixed to the recipient site. Vascular anastomosis was performed under a microscope.

###### 

Patients profile

  **No**   **Age, Sex**   **Location**      **Cause**       **Reconstruction**   **Recipient**   **Condition of Recipient Artery**   **Initial dose of heparin (U)**         
  -------- -------------- ----------------- --------------- -------------------- --------------- ----------------------------------- --------------------------------- ----- -------
  1        60 M           Thigh             Osteomyelitis   LDMC                 LCFA                                                                                  (+)   8000
  2        80 M           Knee              SCC             ALT                  MSA                                                 (+)                                     8000
  3        16 M           Lower leg         Ischemia        LDMC                 PTA                                                                                   (+)   10000
  4        47 F           Lower leg         Osteomyelitis   Fibula               ATA                                                 (+)                                     10000
  5        69 F           Achilles Tendon   Chronic ulcer   ALT                  PTA                                                 (+)                               (+)   8000
  6        69 M           Foot              DM              ALT                  PTA                                                                                   (+)   8000
  7        65 M           Foot              DM              ALT                  PTA                                                 (+)                               (+)   10000
  8        45 M           Foot              SCC             DIEP                 PTA                                                                                   (+)   10000
  9        59 F           Foot              AVM             ALT                  PTA             (+)                                                                         5000
  10       86 M           Foot              Burn            ALT                  PTA                                                 (+)                                     8000
  11       41 M           Foot              BCC             ALT                  PTA                                                                                   (+)   8000
  12       60 M           Achilles Tendon   Chronic ulcer   ALT                  PTA             (+)                                                                         10000
  13       26 F           Foot              AVM             ALT                  ATA                                                                                   (+)   8000
  14       54 F           Foot              BCC             ALT                  PTA                                                 (+)                               (+)   8000
  15       50 M           Foot              DM              ALT                  PTA                                                 (+)                                     8000

M: Male, F: Female, LDMC: Latissimus dorsi myocutaneous flap, LCFA: Lateral circumflex femoral artery, SCC: Squamous cell carcinoma, ALT: Anterior lateral thigh flap, MSA: Medial sural artery, PTA: Posterior tibial artery, DM: Diabetes Mellitus, DIEP: Diep Inferior Epigastric artery, AVM: Arterial-venous malformation, BCC: Basal Cell Carcinoma

After vascular anastomosis, an incision was made at the femoral region of the affected site. From this incision, a 28G Argyle PI catheter (Covidien, Tokyo, Japan, [Figure 1](#F1){ref-type="fig"}) was inserted into the femoral artery. The tip of catheter was sent to the 10-15cm distal site. Femoral incision was closed using 4-0 Vicryl (Ethicon, Somerville, New Jersey), 4-0 PDS (Ethicon), and 5-0 Ethilon (Ethicon). A catheter was introduced into this wound ([Figure 2](#F2){ref-type="fig"}). Postoperatively, heparin infusion was performed through the catheter.

![Catheter for continuous transarterial heparin infusion](wjps-7-298-g001){#F1}

![Catheter was introduced from the incision of femoral region](wjps-7-298-g002){#F2}

On the morning of day 2 post-operation, the daily dose of heparin was started at between 5,000 and 10,000 IU. In each of postoperative days 2 and 3, half of the initial dose of heparin was administered. In postoperative days 4 and 5, 25% of the initial dose heparin was administered. In postoperative day 6, heparin infusion was stopped. In postoperative day 8, the catheter was removed ([Table 2](#T2){ref-type="table"}, [Figure 3](#F3){ref-type="fig"}). The activated partial thromboplastin time (APTT) level was checked every 24 hours until postoperative day seven. Flap survival was evaluated 8 days post-operation. Postoperatively, patients who had bleeding and needed additional treatment (opening of wound or ligation of bleeding vessel) were categorized as severe bleeding complication.

###### 

Protocol of transarterial heparin infusion

  **Variable**                    **Bleeding (n=5)**   **Non bleeding (n=10)**   ***p***
  ------------------------------- -------------------- ------------------------- ---------
  APTT                                                                           
  Preoperation                    28.4±3.4             30.2±8.5                  0.149
  Postoperation                   25.8±1.4             28.8±5.3                  0.859
  Initial dose heparin (U/kg/h)   8.5±1.7              5.9±0.56                  0.0348

![Relationship between dose of heparin and postoperative day](wjps-7-298-g003){#F3}

For our patients, differences between preoperative and postoperative APTT were analyzed with the Mann--Whitney U test. Differences in the initial dose of bone heparin between the complication and non-complication groups were also analyzed with the Mann--Whitney U test. The ratios of the postoperative bleeding at flap recipient site between high initial heparin dose (≥6.5 U/kg/h) group and low initial heparin dose (≤6.4 U/kg/h) group were evaluated using Fisher's exact test. All calculations were performed using statistical software (SPSS, IBM Japan, Tokyo, Japan), and *p*\<0.05 was considered significant.

RESULTS
=======

The causes of lower extremity reconstruction were Diabetes Mellitus foot (n=3), osteomyelitis (n=2), malignant tumor (n=2), Achilles tendon and soft tissue composite defect (n=2), vascular malformation (n=2), ulcer due to artery obstruction (n=1), scar contracture (n=1), and burn (n=1). The risk factors for vascular pedicle compromise were arteriosclerosis at the recipient site (n=7), intimal dissection (n=9), and vascular malformation (n=2). Flaps used were anterolateral thigh flap (n=11), fibula osteocutaneous flap (n=1), latissimus dorsi myocutaneous flap (n=1), and deep inferior epigastric artery perforator flap (n=1).

Recipient sites were posterior tibial artery (n=1 1), anterior tibial artery (n=2), lateral circumflex femoral artery (n=1), and medial sural artery (n=1). The initial doses of heparin were 10,000 U (n=5), 8,000 U (n=9), and 5,000 U (n=1) ([Table 1](#T1){ref-type="table"}). The average initial dose of heparin was 6.4±1.8 U/kg/day. Postoperatively, no flap necrosis was observed. On the other hand, severe bleeding from flap recipient site was observed in four cases at 1 day post-operation. The average preoperative APTT value and highest postoperative APTT value were 27.5±10.5 and 27.9±4.6, respectively. There was no significant difference.

In bleeding patients, preoperative and highest postoperative APTT values were 28.4±3.4 and 25.8±1.4, respectively. In non-bleeding patients, preoperative and highest postoperative APTT value was 30.2±8.5 and 28.8±5.3. There was no significant difference between pre- and post- operative APTT values in either bleeding patients (*p*=0.149) or non-bleeding patients (*p*=0.859). The average initial heparin dose among patients who had severe postoperative bleeding was 8.5±1.7/U/kg/h.

On the other hand, the average initial heparin dose among non-bleeding patients was 5.9±0.56 U/kg/h. The initial dose of heparin per body weight was significantly higher than bleeding patients (*p*=0.035, [Table 3](#T3){ref-type="table"}). We divided our patients into two groups (HD; initial dose heparin ≥6.50 U/kg/h, LD; initial dose heparin ≤6.49 U/kg/h). In the HD group, three of the four patients had a bleeding complication. On the other hand, in the LD group, one of the nine patients had a bleeding complication. The rate of postoperative bleeding in the HD group was significantly higher than that of the LD group (*p*=0.041, [Table 3](#T3){ref-type="table"}).

###### 

Relationship between bleeding complication and APTT value and dose of heparin

  **Variable**   **Bleeding (n=5)**   **Non bleeding (n=10)**   ***p***
  -------------- -------------------- ------------------------- ---------
  LD             1                    9                         0.017
  HD             4                    1                         

HD; initial dose heparin 6.50 U/kg/h, LD; initial dose heparin 6.49 U/kg/h)

DISCUSSION
==========

Free flap is a useful surgical procedure for the reconstruction of wide and complex tissue defects. In cases of vascular pedicle thrombosis, re-exploration is required. Re-exploration may lead to prolonged hospitalization. Various anticoagulant therapies after microsurgery have been reported.^[@B8]-[@B20]^ Heparin is one of the most popular drugs for anticoagulant therapy after microsurgery.^[@B12],[@B15],[@B20]^ To perform effective post-anticoagulant therapy, high-concentration anticoagulant drugs should be delivered for vascular pedicle. Ashjian et al. compared effectiveness between 325 mg/day of aspirin and 5000 U/day heparin infusion.^[@B14]^

They found no significant differences between effectiveness of aspirin and heparin. Khouri et al. examined 493 free flap transfers and compared effectiveness among various postoperative anticoagulant therapies.^[@B1]^ They concluded that only postoperative subcutaneous heparin injection could decrease rate of flap failure. Some authors reported that post-microsurgical anticoagulant therapy does not decrease the risk of vascular pedicle compromise. However, in their report, most of their cases were head and neck reconstruction cases.^[@B8],[@B9]^

The rate of free flap failure among patients who underwent head and neck reconstruction using free flap was only 0--5%, even without anticoagulant therapy after microsurgery.^[@B2]--[@B7]^ These results suggest that it is very difficult to further decrease risk of free flap failure. However, the rate of free flap failure after lower leg reconstruction remains high.^23--27^ Intraoperatively, we sometimes experience cases who have recipient artery with arterial sclerosis or dissection of intima.

We felt the need for post-microsurgical anticoagulant therapy in these cases. We used heparin via catheter inserted into the femoral artery. From the survey by Xipoleas et al., two of 102 microsurgeons performed systemic venous 5000 U/day heparin infusion until 1 day after free tissue transfer to the lower extremity.^[@B26]^ Eley et al. also performed 2,500--10,000 U/day systemic low molecular weight heparin infusion after free flap transfer.^[@B11]^ From these results, using heparin 10,000 U/day causes less than 2.3% hematoma formation.

We believe this dose of heparin is not effective. Based on the 2014 European Society of Cardiology guideline, more than 18 U/kg/h heparin is required to keep 1.5 to 2.3 times higher APTT value than normal.^[@B30]^ The average body weight of our patients was 55.1±18.7 kg. From the guideline, about 23,000 U/day heparin should be administered considering this average weight. However, if we use such high doses of systemic heparin infusion, postoperative hematoma or bleeding may cause.

To send high-concentration heparin for vascular pedicle without hematoma formation or bleeding, some authors perform local transarterial heparin infusion. Fukui et al. reported 240,000 U of urokinase, 40 μg PGE1, low molecular weight dextran, and 10,000 U of heparin were administered until 10 days postoperatively.^[@B28]^ Saito et al. also performed transarterial heparin infusion. In their report, 2,000 U daily heparin with 40 μg PGE1 were administered until one week post-operation.^[@B29]^

On the other hand, we used an initial heparin dosage of 10,000--5,000 U. None of our cases showed increased APTT value. However, no vascular thrombosis was observed. Some authors reported that the most common reason for free flap failure after lower leg reconstruction was vein thrombosis.^[@B22],[@B31]^ To send heparin to the anastomotic site of the vein, the catheter should be inserted into the flap vein. However, it is very difficult to insert catheter to flap vein. In our study, four cases showed bleeding from surgical site. This result suggests that we could send high-concentration heparin for vascular pedicle of flap without inserting catheter for flap vein.
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